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5$3LQWKH
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RUGHUWRPDNHVXVWDLQDEOHGHFLVLRQV
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FRQVXPSWLRQIRUGLIIHUHQWSURFHVVHVRIYDULRXV:0$WHFKQRORJLHVFRPSDUHGWRWUDGLWLRQDODVSKDOW7KH
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7UDQVSRUWDWLRQGLVWDQFHVRIFRPSRQHQWPDWHULDOVDQGDVSKDOW

,W LVDVVXPHGWKDWDOOSURGXFWLRQSURFHVVHVDOVRLQYROYHORDGLQJWKHPDWHULDO LQWKHWUXFN7KHHQHUJ\
GHPDQG IRU WUDQVSRUWDWLRQZLWK WUXFNV LV DVVXPHG DWPD[LPXP ORDG DQG HPSW\ WUXFN UHWXUQZKLOH IRU
ZDWHUWUDQVSRUWDQGWUDLQVLWLVFRQVLGHUHGWKDWWKHFDUU\LQJFDSDFLW\LVXQOLPLWHGDQGWKHHQHUJ\GHPDQGLV
IRURQHZD\,QWKHFDOFXODWLRQWKHOD\LQJVSHHGKDVEHHQDVVXPHGWREHFRQVWDQWPPLQDQGWKHHQHUJ\
FRQVXPSWLRQLVLQGHSHQGHQWRIWKHDVSKDOWOD\HUWKLFNQHVV)RUFRPSDFWLRQWKHVDPHSULQFLSOHLVXVHG
&DVHVWXG\
$FDVH VWXG\ZDVSHUIRUPHG WRJHW D JHQHUDO RYHUYLHZRI WKH HQHUJ\ IORZRI+0$DQG:0$1R
VSHFLILF SURGXFW IRU WKLV SXUSRVH ZDV FKRVHQ )RU WKH FDVH VWXG\ LW ZDV DVVXPHG WKDW WKH HTXLSPHQW
QHFHVVDU\IRUWKHDGGLWLRQRI:0$DGGLWLYHVLVDYDLODEOHLQWKHSODQWVRLQWKHHQHUJ\IORZFDOFXODWLRQ
IRUSURGXFWLRQRI:0$WKHRQO\DGGLWLRQDOHQHUJ\DSSOLFDWLRQLVIRUWKHSURGXFWLRQDQGWUDQVSRUWDWLRQRI
:0$ DGGLWLYH 7KLV FDOFXODWLRQ SULQFLSOH ZRXOG EH DSSOLFDEOH IRU PRVW RI WKH RUJDQLF DQG FKHPLFDO
:0$WHFKQRORJLHVEXWQRWIRUIRDPLQJWHFKQRORJLHVEHFDXVHVSHFLDOHTXLSPHQWQHHGVWREHLQVWDOOHGLQ
WKHDVSKDOWSURGXFWLRQVLWHLQ WKLVFDVH,ISODQWPRGLILFDWLRQVDUHQHFHVVDU\HJ LQVWDOODWLRQRIDGGLWLYH
GRVDJHV\VWHPVRUVSHFLDOHTXLSPHQWIRUIRDPLQJWHFKQRORJLHVWKHUHLVDSRVVLELOLW\WRLQFOXGHWKHPLQ
WKHFDOFXODWLRQPRGHODVLOOXVWUDWHGLQ)LJXUH
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&RQVWUXFWLRQVLWHDQGDVSKDOWPL[WXUH
,WZDV DVVXPHG WKDWPHFKDQLFDO FKDUDFWHULVWLFV RI WKH WUDGLWLRQDO KRWPL[ DQGZDUPPL[ DVSKDOW DUH
VLPLODUVRWKHSDYHPHQWFRQVWUXFWLRQFDQEHWKHVDPHIRUERWKW\SHVRIDVSKDOW7KHFRQVWUXFWLRQVLWHZDV
GHILQHGDVWKHVXUIDFHRISDYHPHQWZLWKDOD\HUWKLFNQHVVRIFPDQGWKHDUHDRIURDGRIPZKLFK
LVFRQVLGHUHGWREHDQDYHUDJHDPRXQWRIZRUNIRUDZHHNGD\
7KH UHIHUHQFH PRGXOH FDOFXODWLRQ ZDV FDUULHG RXW IRU W\SLFDO 60$  W\SH DVSKDOW ZLWK 
ELWXPHQOLPHILOOHUJUDQLWHILEUHDQGRIELWXPHQPDVV:0$DGGLWLYHZKHQ
XVHG 7KH EXON GHQVLW\ RI PL[ DIWHU FRPSDFWLRQ ZLWK  UROOHU SDVVHV LV DVVXPHG DV  DQG WKH
PD[LPXPGHQVLW\RIWKHPL[WXUHLVNJP
(QHUJ\FRQVXPSWLRQ
7KHDPRXQWRIHQHUJ\GHPDQGIRUGLIIHUHQWSURFHVVHVWKDWZHUHFRYHUHGLQWKHUHIHUHQFHFDOFXODWLRQLV
SUHVHQWHGLQ7DEOH7KHPDLQGDWDRIHQHUJ\GHPDQGIRUHQHUJ\FRQVXPSWLRQRIGLIIHUHQWSURFHVVHVDUH
IURPWKH(XURSHDQ$VSKDOW3DYHPHQW$VVRFLDWLRQ($3$DQG(XURELWXPHUHSRUW³/LIH&\FOH,QYHQWRU\
RI$VSKDOW3DYHPHQWV´6WULSSOH6LQFHQRGDWDZDVIRXQGRQWKHHQHUJ\GHPDQGIRUSURGXFWLRQRI
:0$DGGLWLYHV WKHSURGXFHUVRI WZR:0$ WHFKQRORJLHVZHUH FRQWDFWHG1RQHRI WKHPZHUH DEOH WR
SURYLGHWKHQHFHVVDU\LQIRUPDWLRQRQWKHDPRXQWRIHQHUJ\XVHGLQWKHSURGXFWLRQ7KHUHIRUHWKHHQHUJ\
GHPDQG IRU SURGXFWLRQ RI :0$ DGGLWLYH DIWHU FRQVXOWDWLRQ ZLWK FKHPLFDO HQJLQHHUV LV DVVXPHG
WKHRUHWLFDOO\WREHVLPLODUWRWKDWRIELWXPHQSURGXFWLRQ
7KHHQHUJ\GHPDQGIRUSURGXFWLRQRI0-RIHOHFWULFDOSRZHUDQGWKHGLIIHUHQWSURGXFWLRQVRXUFHVLQ
/DWYLDIRUWKH\HDU635.ZHUHDQLQSXWIRUHOHFWULFLW\SURGXFWLRQ
7DEOH(QHUJ\GHPDQGDQGXVHGHQHUJ\VRXUFHVRIGLIIHUHQWXQLWSURFHVVHV
8QLWSURFHVV 'LHVHO 1DWXUDOJDV (OHFWULFDOSRZHU
&RPSRQHQWVRIDVSKDOW0-NJ
%LWXPHQ0-NJ   
*UDQLWHFUXVKHGVDQG0-W   
/LPHILOOHU0-NJ   
)LEUH0-NJ   
:0$DGGLWLYH0-NJ   
3URGXFWLRQRIDVSKDOW0-NJ
+HDWLQJRIUHF\FOHGDVSKDOW0-W   
$VSKDOWSURGXFWLRQ   
3DYLQJRIDVSKDOW0-NJ
/D\LQJRIDVSKDOW'\QDSDF)   
&RPSDFWLRQZLWK'\QDSDF&&   
7UDQVSRUWDWLRQ0-NP
7UXFNWRQQHV   
6KLS   

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7UDQVSRUWDWLRQGLVWDQFHVDQGWUDQVSRUWW\SH
7UDQVSRUWDWLRQGLVWDQFHVRIWKHGLIIHUHQWFRPSRQHQWVDQGWKHILQDODVSKDOWPL[WRWKHVLWHZHUHDVVXPHG
DVW\SLFDOKDXOUDQJHVIRUWKHDVSKDOWLQGXVWU\LQ/DWYLDDQGDUHOLVWHGLQ7DEOH
7DEOH'LVWDQFHVIRUWUDQVSRUWDWLRQRIFRPSRQHQWPDWHULDOVDQGSURGXFW
7UDQVSRUW 7UXFNNP 6KLSNP
*UDQLWHWRPL[LQJSODQW  
6DQG	JUDYHOWRPL[LQJSODQW  
%LWXPHQWRPL[LQJSODQW  
/LPHILOOHUWRPL[LQJSODQW  
)LEUHWRPL[LQJSODQW  
:0$DGGLWLYHWRPL[LQJSODQW  
5HF\FOHGDVSKDOWWRSODQW  
$VSKDOWPL[WRVLWH  
9DULDEOHV
%DVHGRQWKHVHILQGLQJVVHYHQGLIIHUHQWDVSKDOWHQHUJ\GHPDQG/&,FDOFXODWLRQPRGXOHVZHUHFUHDWHG
ZKHUHHDFKRIWKHPUHSUHVHQWVVHYHUDOPRGLILFDWLRQVW\SLFDOIRU:0$7KHUDQJHVFRPSDUHGWRUHIHUHQFH
+0$WKDWZHUHXVHGIRUWKLVFDVHVWXG\DUHOLVWHGLQ7DEOH&KDQJHVLQWUDQVSRUWDWLRQGLVWDQFHVDUHDOVR
LQFOXGHGIRUHDFKRIWKHPRGLILHGSURFHVVHVGHSHQGLQJRQWKHPDWHULDOVXVHG
,QWKHPRGXOHVZLWK5$3XVHLQWKHPL[WKHDPRXQWRIJUDQLWHZDVUHGXFHGE\WKHUHVSHFWLYHDPRXQW
RI WKH LQWURGXFHG 5$3 7KH HQHUJ\ GHPDQG IRU SURGXFWLRQ DQG FRPSDFWLRQ RI +0$ ZDV LQFUHDVHG
EHFDXVHXVXDOO\LWLVQHFHVVDU\WRSURYLGHPRUHKHDWLQJHQHUJ\DQGDGGLWLRQDOFRPSDFWLRQIRUFHLQRUGHU
WRFRPSHQVDWHVWLIIHUELWXPHQLQWKH5$37KHHQHUJ\XVHDQGFRPSDFWLRQIRUFHRI:0$ZHUHOHIWLQWKH
VDPHOHYHODVIRUUHIHUHQFH+0$EHFDXVHRIWKHELQGHUYLVFRVLW\UHGXFWLRQSURSHUW\RIWKLVWHFKQRORJ\
7DEOH3URFHVVYDULDEOHVIRU/&,FDOFXODWLRQ
3URGXFWLRQSURFHVV :0$DGGLWLYH $VSKDOWSODQW &RPSDFWLRQHIIRUW
+0$5HIHUHQFH   
:0$3URGXFWLRQSURFHVV   
:0$3URGXFWLRQSURFHVV   
:0$&RPSDFWLRQ   
:0$&RPSDFWLRQ3URGXFW   
+0$ZLWK5$3   
:0$ZLWK5$3   
5HVXOWVDQGGLVFXVVLRQ
$OOUHVXOWVUHSUHVHQWWKHWRWDOHQHUJ\GHPDQGIRUWKHSDYLQJVLWH±PRUWRQQHVRIDVSKDOW
7KHDVSKDOWHQHUJ\FRQVXPSWLRQVRUWHGE\WKHXQLWSURFHVVIRUDOOVHYHQFDOFXODWHGPRGXOHVLVVKRZQLQ
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)LJXUH  7KH HQHUJ\ GHPDQG VRUWHG E\ WKH HQHUJ\ VRXUFH LV SUHVHQWHG LQ )LJXUH  7KH FKDUWV DOVR
UHSUHVHQWWKHUHODWLYHGLIIHUHQFHLQSHUFHQWDJHIRUHDFKSURFHVVZLWKWKHKRWPL[DVSKDOWZKLFKKDVHQHUJ\
GHPDQGRI0-EHLQJXVHGDVWKHEDVHOLQH


)LJ(QHUJ\GHPDQGIRUGLIIHUHQWPRGXOHVE\/&,SURFHVV

)LJ(QHUJ\GHPDQGIRUGLIIHUHQWPRGXOHVE\HQHUJ\VRXUFH
7KHUHVXOWVVKRZSRVVLEOHVDYLQJVRIRIWKHWRWDOHQHUJ\FRQVXPSWLRQRIDVSKDOW/&,SURFHVVZKHQ
WKHSURGXFWLRQHQHUJ\LVUHGXFHGE\DQGZKHQLWLVUHGXFHGE\)URPWKHFKDUWLQ)LJXUH
LW LVFOHDUWKDW WKHFKDQJHVLQ WKHHQHUJ\FRQVXPSWLRQIRUDVSKDOWSURGXFWLRQ\HOORZSRUWLRQDUHE\IDU
WKH PRVW LPSRUWDQW SDUW UHJDUGLQJ FRPSDULVRQ RI /&, IRU +0$ DQG :0$ :KLOH IRU /&, RI WKH
UHIHUHQFH+0$WKHSURGXFWLRQRIDVSKDOW DGGVXSRI WRWDOHQHUJ\GHPDQG IRU:0$ZLWK
HQHUJ\UHGXFWLRQLQSURGXFWLRQSURFHVVLWLVRQO\DQGIRU:0$ZLWKUHGXFWLRQ±RQO\
RIWKHWRWDOHQHUJ\GHPDQGRIWKHUHVSHFWLYHPRGXOH
:0$ ZLWK D FRPSDFWLRQ IRUFH UHGXFHG E\  EXW SURGXFWLRQ WHPSHUDWXUH OHIW WKH VDPH ZDV
LQFOXGHG LQ RUGHU WR YHULI\ ZKDW HIIHFW RQ HQHUJ\ FRQVXPSWLRQ SURGXFWLRQ RI WKH :0$ DW +0$
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WHPSHUDWXUHZRXOGKDYH7KLVPD\EHQHFHVVDU\LQRUGHUWRSHUIRUPFROGZHDWKHUSDYLQJZKHQ:0$LV
SURGXFHGDWWHPSHUDWXUHVRI+0$RUWRDFKLHYHQHFHVVDU\FRPSDFWLRQOHYHOVIRUVWLIIDVSKDOWPL[HV7KH
UHVXOWVVKRZDQLQFUHDVHRIZKLFKPD\EHMXVWLILDEOHLIQHFHVVDU\IRUWKHSXUSRVHVGHVFULEHGDERYH
7KH SURFHVVHV RIPL[LQJ DQG FRPSDFWLRQ HQHUJ\ UHGXFWLRQ RI ZHUH FRPELQHG VKRZLQJ WKDW DQ
DGGLWLRQDO  VDYLQJ WR WKH PRGXOH ZLWK PL[LQJ HQHUJ\ UHGXFWLRQ PD\ EH UHDOLVHG E\ UHGXFLQJ WKH
FRPSDFWLRQ HIIRUW +RZHYHU SRWHQWLDO SUREOHPV DQG DGGLWLRQDO HQHUJ\ GHPDQG WKDW FDQ RFFXU LI WKH
SDYHPHQW LVQRWFRPSDFWHG WR WKHQHFHVVDU\ OHYHOEHFDXVHRI OHVVFRPSDFWLRQIRUFHDSSOLHGPD\E\ IDU
RXWZHLJKWKHVDYLQJVRIWKLVRSHUDWLRQ
7KH LQWURGXFWLRQ RI  5$3 WR FRQYHQWLRQDO +0$ UHTXLUHV DGGLWLRQDO KHDWLQJ HQHUJ\ IRU WKH
DWWDLQPHQW RI WKH QHFHVVDU\ ELQGHU YLVFRVLW\ FDXVLQJ LQFUHDVH LQ HQHUJ\ GHPDQG GHVSLWH WKH UHGXFHG
VKLSSLQJGLVWDQFHFRPSDUHGIRUYLUJLQDJJUHJDWHV+RZHYHUZKHQ:0$WHFKQRORJ\LVDSSOLHGZLWK5$3
FRQWHQWRIDQG UHGXFHGHQHUJ\GHPDQG LQKHDWLQJDQGSDYLQJSURFHVV LW LVSRVVLEOH WR UHGXFH WKH
HQHUJ\GHPDQGE\FRPSDUHGWR+0$ZLWKRI5$3DQGE\FRPSDUHGWRUHIHUHQFH+0$
,WFDQEHVHHQIURPWKHFKDUWLQ)LJXUHWKDWWKHDVSKDOWSURGXFWLRQDQGSDYLQJSURFHVVGHSHQGDOPRVW
HQWLUHO\RQQRQUHQHZDEOHHQHUJ\VRXUFHVDQGFKDQJHVEHWZHHQGLIIHUHQWPRGXOHVPRVWO\DIIHFWWKHXVHRI
QDWXUDOJDV%HFDXVH&2DQGRWKHUJUHHQKRXVHJDVHVDUHSURGXFHGLQXWLOLVDWLRQRIQDWXUDOJDVVZLWFKLQJ
IURP+0$WR:0$WHFKQRORJLHVKDVDGLUHFWHIIHFW LQ WKH UHGXFWLRQRIFDUERQ IRRWSULQW JHQHUDWHGE\
DVSKDOWLQGXVWU\
&RQFOXVLRQV
/LIHF\FOHDVVHVVPHQWLVHVVHQWLDO IRUWKHDVVHVVPHQWRIVXFKNH\LPSDFWVDVWKHHQHUJ\FRQVXPSWLRQ
DQG FDUERQ IRRWSULQW 7KHUHIRUH LW LV DQ LPSRUWDQW WRRO LQ WKH WHQGHULQJ SURFHVV WR FKRRVH WKH PRVW
VXVWDLQDEOH FRQVWUXFWLRQ WHFKQRORJ\ $FFHSWDQFH RI :DUP 0L[ $VSKDOW WHFKQRORJLHV PRVWO\ UHO\ RQ
SURYLQJHQYLURQPHQWDOWKHLUEHQHILWVVRGHYHORSPHQWRIDQHDV\WRXVH/&$LVQHFHVVDU\IRUJDLQLQJZLGH
LPSOHPHQWDWLRQ RI WKHVH WHFKQRORJLHV $VVHVVPHQW RI DVSKDOW OLIH F\FOH LV DOVR LPSRUWDQW LQ RUGHU WR
UHFRJQLVH YDULDWLRQV EHWZHHQ GLIIHUHQW :0$ WHFKQRORJLHV DQG VSHFLILF SURGXFWV +RZHYHU WKH
GHYHORSPHQW RI /&$ WRRO LV UDWKHU FRPSOH[ DV LW PXVW LQFOXGH GXUDELOLW\ RIPDWHULDOV DQG WKH DVSKDOW
SDYHPHQWPXVWEHDQDO\VHGLQDORQJSHULRGHJ\HDUVVRIXUWKHUODERUDWRU\WHVWLQJDQGDOLIHF\FOH
SUHGLFWLRQPHWKRGEDVHGRQWKHWHVWLQJUHVXOWVLVQHFHVVDU\LQRUGHUWRSUHGLFWWKHDVSKDOWEHKDYLRXURYHU
WLPH
,I\RXORRNDWWKHHQWLUH/LIH&\FOH$VVHVVPHQW/&$WKHFDOFXODWLRQPRGHOSUHVHQWHGLQWKLVSDSHU
IRFXVHV RQ WKH HQHUJ\ IORZ RI /LIH &\FOH ,QYHQWRU\ /&, SDUW $FFRUGLQJ WR (1  WKLV FDQ EH
FRQVLGHUHGDVDQ³LQWHUPHGLDWHSURGXFW´WRZKROH/&$DQGLWGRHVQRWWDNHLQWRDFFRXQWHQYLURQPHQWDORU
HFRQRPLF DVSHFWV ,PSDFW DVVHVVPHQW RI HQHUJ\ IORZ LQ SURGXFWLRQ DQG SDYLQJ SURFHVV VWLOO FDQ EH
SHUIRUPHGEXWFDUHVKRXOGEHJLYHQ WR LQWHUSUHWDWLRQRI WKLVVWXG\ LQ WHUPVRIHQYLURQPHQWDO LPSDFWDV
VRPH LQDFFXUDWHFRQFOXVLRQV FDQEHPDGH)RUH[DPSOHDOWKRXJKDFFRUGLQJ WRFDOFXODWLRQXVHRI5$3
PD\UHTXLUHDGGLWLRQDOHQHUJ\LQWKHSURFHVVRI+0$SURGXFWLRQLWVDYHVWKHDPRXQWRIQHFHVVDU\YLUJLQ
DJJUHJDWHVUHGXFHVWKHJUHHQKRXVHJDVHVIURPFUXVKLQJWKHPUHVROYHVWKHSUREOHPZLWK5$3XWLOLVDWLRQ
DQGDOVRUHGXFHVWKHDVSKDOWSULFH6LPLODUO\GLIIHUHQWWHFKQRORJLHVIRUWKHSURGXFWLRQRI:0$DGGLWLYHV
PD\EH WKHUHDVRQIRUGLVFXVVLRQVDVVRPHRI WKHPXVHZDVWHPDWHULDO IURPRWKHUSURGXFWLRQSURFHVVHV
ZKLOHRWKHUVUHTXLUHVSHFLDOSURGXFWLRQFDXVLQJIXUWKHUSROOXWLRQ+RZHYHUDGDWDFROOHFWLRQDQGDQDO\VLV
DUHQHFHVVDU\WRYHULI\WKLVVWDWHPHQW
7KHUH PD\ EH VRPH PRGLILFDWLRQV WR WKH FDOFXODWLRQ SULQFLSOH LQ WHUPV RI SURFHVV ERXQGDU\ RU
FDOFXODWLRQ SUHFLVLRQ KRZHYHU WKHVH FKDQJHV DUH XQOLNHO\ WR KDYH D VLJQLILFDQW HIIHFW RQ WKH RYHUDOO
ILQGLQJV ,W ZRXOG EH PXFK PRUH VLJQLILFDQW WR LPSURYH WKH SUHFLVLRQ RI WKH HQHUJ\ GHPDQG GDWD IRU
GLIIHUHQW SURFHVVHV )RU H[DPSOH WKH HQHUJ\ GHPDQG GDWD IRU :0$ SURGXFWLRQ ZHUH DVVXPHG
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WKHRUHWLFDOO\ 2WKHU HQHUJ\ LQSXW GDWD WKDW ZDV XVHG LQ WKH FDVH VWXG\ VKRXOG EH FDOLEUDWHG E\ DFWXDO
FRQVWUXFWLRQREMHFWVEHFDXVHWKLVZRXOGDOORZHQKDQFLQJWKHSUHFLVLRQRIWKHUHVXOWV7RHYDOXDWHIRDPLQJ
WHFKQRORJLHV GDWD FROOHFWLRQ IRU SURGXFWLRQ RI DGGLWLRQDO SODQW HTXLSPHQW VKRXOG EH SHUIRUPHG DQG D
FDOFXODWLRQ LQFOXGLQJ WKH PRGLILFDWLRQV LQ DVSKDOW SODQW SHUIRUPHG )XUWKHUPRUH WKH GDWD VKRXOG EH
FROOHFWHGIURPGLIIHUHQWVRXUFHVIRUWKHVDPHXQLWSURFHVVHVWRSHUIRUPGDWDYDOLGDWLRQ
7KH UHVXOWV RI WKH FDVH VWXG\ VKRZHG WKDW UXQQLQJ:DUP0L[$VSKDOW SURGXFWLRQ WHFKQRORJLHV KDV
HQRUPRXVSRWHQWLDO LQ FXWWLQJGHPDQGRI QRQUHQHZDEOH HQHUJ\ VRXUFHV ,I WKH FDOFXODWHGGLIIHUHQFHRI
 EHWZHHQ WKH HQHUJ\ GHPDQG RI UHIHUHQFH+0$ DQG:0$PRGXOH ZLWK  HQHUJ\ UHGXFWLRQ LQ
DVSKDOWSURGXFWLRQZDVDSSOLHGWRWKH\HDUO\DVSKDOWSURGXFWLRQDPRXQWLQ/DWYLDPLOOLRQWRQQHVLQ
\HDUWKHDQQXDOGHFUHDVHRIHQHUJ\GHPDQGZRXOGDGGXSā0-
$FNQRZOHGJHPHQW
7KLVZRUNKDVEHHQVXSSRUWHGE\WKH/DWYLDQ&RXQFLORI6FLHQFHDQGWKH(XURSHDQ6RFLDO)XQGZLWKLQ
WKHSURMHFW©6XSSRUWIRUWKHLPSOHPHQWDWLRQRIGRFWRUDOVWXGLHVDW5LJD7HFKQLFDO8QLYHUVLW\ª
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